Defi nition
The apnoea-hypopnoea index (AHI) is the number of cessations in breathing (apnoea) and the number of reductions (hypopnoea) in breathing (tidal volume) per hour of sleep. Although this defi nition seems straight forward, much debate is ongoing with regards to the defi nition of hypopnoea. Liberal defi nitions of hypopnoea could increase the likelihood that a patient might qualify for positive airway pressure (PAP) therapy on the assumption that the patient would benefi t. Conversely, stricter defi nitions of hypopnoea have been used, particularly by US Medicare and others who have relied on pulse oximetry for a diagnosis of obstructive sleep apnoea. The AHI is regarded as the gold standard for diagnosis and determining severity of obstructive sleep apnoea; however, results from recent published work show that the predictive value of AHI for complications is low. Crucial to this debate on the validity of the AHI is the recognition that diff erent defi nitions are relevant for the various outcomes and complications of obstructive sleep apnoea. For example, emerging data show that 4% desaturation is predictive of hypertension, 2% de saturation is predictive of insulin resistance, increased arousal frequency is predictive of impaired memory consolidation, percent time saturation lower than 90% is predictive of platelet aggregation, and none of these variables are predictive of motor vehicle accidents. [1] [2] [3] [4] [5] [6] In view of the myriad of eff ects associated with obstructive sleep apnoea, a single defi nition is unlikely to be predictive of all known complications. The optimum defi nition of sleep apnoea for an individual patient will take into account the outcome of interest, as well as sleep study parameters such as AHI. 7 We review the most important recent developments in obstructive sleep apnoea in relation to epidemiology, pathogenesis, diagnosis, comorbidities, outcomes, and treatments. The salient points are summarised in the table.
Epidemiology
The results of a study by Young and colleagues 8 in 1993 showed that 4% of men and 2% of women in the USA had clinically important obstructive sleep apnoea. The prevalence of obstructive sleep apnoea has since increased worldwide, and this increase is thought to be associated with the obesity pandemic, improvements in diagnostic technology, and ageing of the population. 20 years after the study by Young and colleagues, 8 Peppard and colleagues 9 reported that 13% of men and 6% of women in the USA had clinically important obstructive sleep apnoea (AHI >15). These prevalence fi gures might have been higher if Peppard and colleagues 9 had reported hypopnoea frequency using contemporary methods 10 and if lower thresholds had been used to defi ne the obstructive sleep apnoea. Indeed, Heinzer and colleagues, 11 using sensitive methods, reported a prevalence of moderate-to-severe obstructive sleep apnoea (AHI ≥15) of 23·4% (95% CI 20·9-26·0) in women and 49·7% (46·6-52·8) in men. Ultimately, obstructive sleep apnoea could be regarded as a spectrum of disease rather than a diagnosis with a rigid cutoff point because traditional defi nitions of obstructive sleep apnoea severity do not necessarily portray the risk of adverse outcomes. 12 Treatment approaches to obstructive sleep apnoea could then be applied along a continuum, in the same way that serum cholesterol or bodyweight is treated, whereby more aggressive treatments could be used depending on the extent of the disease and the eff ectiveness of available interventions.
Data have been published on the risk of obstructive sleep apnoea in specifi c subsets of patients. For example, Patil and colleagues 13 have shown high prevalence of obstructive sleep apnoea (>70%) in people with HIV. The mechanisms underlying this high prevalence have been debated, but the fi nding is probably indicative of the increased survival rates of individuals with HIV, the weight gain associated with antiretroviral therapy, and the side-eff ects associated with specifi c drugs used to treat HIV.
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People with obstructive sleep apnoea have compromised pharyngeal anatomy but increased activation of the pharyngeal dilator muscle by protective refl exes during wakefulness that maintain pharyngeal patency until the onset of sleep, when these protective refl exes fail and the pharyngeal airway is susceptible to collapse. Obesity contributes to pharyngeal collapse especially in patients without robust responsiveness of the upper airway dilator muscle. 15 Traditionally, obstructive sleep apnoea has been regarded as a disease of anatomical compromise coupled with dysfunction in pharyngeal dilator muscles during sleep. 16 However, recent evidence has suggested that the mechanisms underlying apnoea are broad ranging and highly variable, such that diff erent patients have varying degrees of abnormality in various pathophysiological factors. [17] [18] [19] While in some patients the primary cause may be anatomical compromise of the pharyngeal airway, in other patients dysfunction in pharyngeal dilator muscles, unstable ventilatory control (elevated loop gain), or a low threshold for arousal from sleep might be important contributors towards the development of apnoea (fi gure 1). 20, 21 Interventions targeting underlying abnormality are likely to be benefi cial if individualised on the basis of the underlying mechanism. For example, uvulopalatopharyngoplasty (UPPP) is benefi cial for a subset of patients with anatomical compromise of the velo pharynx. 16, 17 Similarly, eff orts to increase hypoglossal nerve output, either by drug treatment or electrical stimu lation, could be benefi cial for those patients with pharyngeal dilator muscle dysfunction, 17 and eff orts to stabilise breathing control (with oxygen or aceta zolamide) will benefi t patients with unstable ventilatory control as a major predisposing factor. 22 Patients with a low arousal threshold wake up prematurely, have inadequate time for the accumulation of respiratory stimuli to activate pharyngeal dilator muscles, and have repetitive apnoea as a result. 23, 24 Agents that increase the arousal threshold improve obstructive sleep apnoea by allowing time for activation of pharyngeal dilator muscle. 25, 26 Some patients might have several abnormalities and require combination therapy to eliminate apnoea. Thus, a concept of personalised medicine is now emerging such that targeted therapy can be provided to people with obstructive sleep apnoea in an individualised manner on the basis of the underlying mechanism. 17 One limitation of the personalised medicine approach has been the need for complex, invasive overnight testing to identify the mechanism underlying apnoea in each patient. Recent progress has been made such that clinicians now have readily available information to assess some of the pathophysiological traits. Terrill and colleagues 27 used quantitative methods to assess control of breathing in clinical sleep recordings to establish the extent of the breathing abnormality. Instability in ventilatory control (loop gain) can be established by the response to a ventilatory disturbance, such as apnoea, which occurs spontaneously during obstructive sleep apnoea. Sleep studies can therefore be used to quantify the loop gain of a particular individual, which could enable clinicians to target loop gain without the need for complicated experi ments. Such approaches are being assessed in clinical trials. 27 Edwards and colleagues 28 reported that more than 60% of the variance in arousal threshold can be determined by use of standard polysomnographic data. By combining
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Outcomes
Recognition that diff erent sequelae of OSA are important for diff erent outcomes-eg, arousal from sleep aff ects memory consolidation and 4% oxygen desaturation predicts hypertension 25, 26 have shown substantial improvements in obstructive sleep apnoea by using a pharmacological approach to raise the arousal threshold in selected patients. Thus, a treating practitioner could stratify clinically the patients that are likely to respond to hypnotic therapy, although multicentre clinical trials will be needed to assess hard clinical outcomes before recommendations can be made.
Diagnosis
The diagnostic approach for obstructive sleep apnoea is transitioning from gold standard polysomnography in the sleep laboratory to home sleep testing (HST). 29 This shift in diagnostic approach is driven in the USA by economic pressures, but many other countries such as the UK had already adopted an HST-focused approach. Data are increasingly compelling that diagnosis and treatment of patients can be well managed in the home. At present, HST is the diagnostic procedure of choice for most patients with suspected obstructive sleep apnoea. However, there are some caveats with the use of HST because most commonly used testing devices do not record sleep time or body position.
Sleep duration is not recorded during HST; prac titioners are therefore reliant on total recording time rather than total sleep time to calculate time-derived indices such as AHI. In patients who sleep poorly or have comorbid insomnia, the AHI might be underestimated with HST because if the patient is awake, they are not likely to experience respiratory events. Thus, patients who have a high pre-test probability of obstructive sleep apnoea might benefi t from either repeat HST or in-laboratory testing.
The relevance of respiratory events that occur during rapid eye movement (REM) sleep is controversial. Chami and colleagues 30 showed that respiratory events that occur during REM sleep might be normal physiological variations and might not have clinical consequences. However, Mokhlesi and colleagues 31 showed that REM-predominant obstructive sleep apnoea is associated with a risk of hypertension. These fi ndings are clinically relevant because treatment of obstructive sleep apnoea is often limited to the fi rst half of the sleep period leaving most of REM sleep untreated. Recent fi ndings 32 provide reassurance that HST can be used to guide PAP therapy regardless of the sleep stage in which the events are occurring.
Most HST devices do not reliably track body position, therefore, diagnosis of supine predominant obstructive sleep apnoea is less common with HST than with in-laboratory monitoring. As a result, positional therapy, which might be useful for some patients, is more diffi cult to apply. Positional therapy has traditionally been diffi cult to implement because of an inability to track postural manipulations in the home, particularly in long-term follow-up. Nonetheless, some patients do well with avoidance of supine posture either as primary therapy or as adjunctive therapy with oral devices or in patients who experience partial responses to surgical procedures. 33 Most, but not all, HST devices have no reliable means to assess arousal from sleep. Arousal frequency might be the best predictor of impaired sleep-dependent memory consolidation in obstructive sleep apnoea. 5 Recent fi ndings have also suggested that fragmentation of sleep might have a role in glucose dysregulation and accelerated tumour growth. Indeed, Hakim and colleagues 34, 35 added to the growing body of published work that links sleep disturbance with tumour growth. Previous epidemiological data showed an important association between obstructive sleep apnoea and cancer risk, 36 and more recent fi ndings support a mechanistic role of sleep fragmentation in the absence of hypoxaemia on cancer growth. The clinical relevance of these fi ndings, and sleep fragmentation in general, will require further study, but the absence of information on sleep arousal with HST is notable. 37, 38 The benefi ts of HST for patients with obstructive sleep apnoea are predicated on the use of auto-titration PAP (APAP) therapy for disease management. Adherence is similar for APAP and continuous positive airway pressure (CPAP) but auto-titration equipment is more expensive. 32 Worse clinical outcomes have been reported for patients treated with APAP as compared to CPAP, on Rapid Review the basis of either sleep fragmentation or haemo dynamic eff ects of variable intra-thoracic pressure. More data are needed to establish whether outcomes from APAP and CPAP are similar. At present, once the therapeutic pressure has been established, fi xed pressure PAP is the treatment used for most patients. 39 Much of the research done to date to understand the pathogenesis of obstructive sleep apnoea has relied on in-laboratory sleep recordings. The use of HST to derive mechanisms underlying obstructive sleep apnoea requires further develop ment and study for clinical applicability.
Comorbidities
Obstructive sleep apnoea is very common in patients with other medical disorders such as chronic obstructive pulmonary disease (COPD), diabetes mellitus, atrial fi brillation, and congestive heart failure. 40, 41 New insights into many of these comorbid disorders have come to light, but we will focus on COPD in this Review.
The prevalence of clinically important obstructive sleep apnoea in people with severe airfl ow obstruction is much higher than previously suggested. Soler and colleagues 42 reported that 57% of people with severe COPD referred for pulmonary rehabilitation had clinically important obstructive sleep apnoea. This fi nding is striking because overlap syndrome (obstructive sleep apnoea with COPD) has been associated with increased risk of death due to cardiovascular causes compared with COPD alone. 40 Furthermore, the most common cause of death in COPD is probably cardiovascular-related disease, although the mechanisms underlying this association are unclear. 42 New research has shown that patients with overlap syndrome have increased right ventricular mass compared with that of people with COPD only of matched severity. 43 Dose-dependent use of nasal CPAP has been associated with decreased mortality; 40 however, randomised clinical trials are needed to draw defi nitive conclusions. People with COPD frequently complain of sleep disturbances of various kinds and thus a comprehensive management strategy of these patients must take into account sleep problems given the prevalence and therapeutic options for these complaints. 44 New research has also suggested a major role for nocturnal ventilation, using high levels of inspiratory pressure support or fully controlled modes, in patients with hypercapnia and COPD. Results from a large scale trial by Kohnlein and colleagues 45 showed a mortality benefi t with bilevel PAP (ie, diff ering inspiratory and expiratory pressures, rather than continuous pressure) compared with usual care for patients with hypercapnia and COPD in Germany and Austria. Despite many deaths of study participants during the trial period, 45 hospital admissions among all participants were rare, which raises questions regarding the generalisability of these fi ndings to a clinical practice setting. Regardless, these fi ndings encourage the provision of bilevel therapy for patients with hypercapnic COPD, although the optimum therapy for people with overlap syndrome is unclear.
Clinical outcomes
Results from clinical trials show that nasal CPAP is the treatment of choice for obstructive sleep apnoea. 46, 47 CPAP can be transformative for some patients who experience substantial symptomatic improvement and reduced cardiometabolic risk. However, controversy remains with regards to the optimum therapy for CPAP-intolerant patients and identifi cation of patients for whom CPAP therapy is indicated.
Elderly people with obstructive sleep apnoea are a unique group with a distinct physiological phenotype. 48 The causes and con sequences of obstructive sleep apnoea in this subset of patients have been debated. 49 Data from observational studies and subgroup analyses have yielded equivocal results. Some data suggest that obstructive sleep apnoea has an adverse eff ect on elderly people, 50 whereas others have noted no major adverse eff ects, 51 or even a protective role with respect to mortality for obstructive sleep apnoea in octogenarians. 52 McMillan and colleagues 50 did a multicentre clinical trial examining the role of CPAP for the treatment of obstructive sleep apnoea in elderly people (aged 65 years and older). Results from the study showed a signifi cant improvement in clinical outcome on the basis of the coprimary outcome measure of Epworth sleepiness score. Although the study was unblinded and used subjective outcomes, the results are compelling in view of the magnitude and consistency of the observed benefi ts. More data are needed, but on the basis of these new fi ndings, nasal CPAP should be made available as a treatment choice for elderly people with obstructive sleep apnoea.
The association between obstructive sleep apnoea and hypertension has been studied extensively with various techniques. The eff ect of CPAP therapy on blood pressure compared with usual care and oxygen therapy was assessed in a clinical trial by Gottlieb et al. 53 Results from the trial showed a slight reduction in blood pressure with CPAP therapy, which is consistent with results from previous studies and meta-analyses. 37 Blood pressure was not aff ected in patients receiving oxygen therapy despite correction of hypoxaemia. 53 Patients with refractory hypertension are thought to be particularly amenable to CPAP therapy. However, blood pressure reduction with CPAP in patients with obstructive sleep apnoea with refractory hypertension is similar to that seen in other populations with milder hypertension. 54 Conversely, a decrease in blood pressure was noted with CPAP in an individual patient meta-analysis, 55 even in patients with mild obstructive sleep apnoea. Predictors of blood pressure reduction with CPAP therapy in obstructive sleep apnoea in study-level meta-analyses include adherence with PAP therapy, severity of obstructive sleep apnoea, blood pressure elevation at baseline, young age,
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and daytime sleepiness. 51, 55, 56 Since reduction of blood pressure is better with pharmacotherapy than with CPAP therapy, 57 reasons other than daytime blood pressure must motivate treatment of obstructive sleep apnoea. For example, nocturnal surges in blood pressure are not typically captured in blood pressure trials but probably improved greatly with CPAP therapy in people with obstructive sleep apnoea. 51, 56 Furthermore, CPAP therapy also improves other symptoms of obstructive sleep apnoea, and might have additional benefi ts when compared with pharmacological treatment of blood pressure. 58 Chirinos and colleagues 59 examined weight loss as an adjunct to CPAP therapy to assess the role of C-reactive protein as a clinically important biomarker. The data showed major benefi ts with weight loss compared with CPAP therapy, although a combination of weight loss and CPAP treatment might be an optimum treatment approach for some patients. Medical and surgical weight loss strategies have been compared but the optimum weight loss strategy for patients with obstructive sleep apnoea is undefi ned.
Application of CPAP without the consideration of bodyweight is ill-advised, particularly since data show substantial weight gain in some patients after CPAP application. 60 The mechanism underlying weight gain during CPAP treatment is unclear, but is probably multifactorial. Reduced work of breathing during CPAP treatment might contribute to weight gain owing to the associated reduction in metabolic expenditure. 61 Hormonal changes following CPAP initiation have been reported, which might promote weight gain via changes in leptin, growth hormone, and other mediators. Furthermore, social behaviours often change after CPAP treatment; for example, patients who experience substantial benefi ts with treatment will often resume previous social activities, such as eating dinner with their spouse or going out for drinks with friends, which can contribute to weight gain. Regardless of the reason, diet and exercise advice should be provided to all patients with obstructive sleep apnoea. Respiratory physicians can no longer ignore management of bodyweight in these patients.
Treatment
CPAP is the gold standard treatment for patients with symptomatic obstructive sleep apnoea. CPAP has few major side-eff ects, and for most patients an initial trial with CPAP is recommended. Some patients have transformative benefi ts from CPAP, 62, 63 but new therapies or improvements in existing therapies for obstructive sleep apnoea are needed in view of the large number of patients who are intolerant of CPAP or avoid a diagnosis of obstructive sleep apnoea because of their concerns about therapy. 63, 64 Recent studies of hypoglossal nerve stimulation (HGNS) have rejuvenated enthusiasm for this approach to the treatment of obstructive sleep apnoea. 65, 66 The hypo glossal nerve innervates upper airway dilator muscles and electrical stimulation is thought to promote pharyngeal patency in patients with the disorder (fi gure 2).
Results from an open-label clinical trial 65 showed signifi cant improvements in the AHI in patients with obstructive sleep apnoea who were selected to participate in the trial. 65 Although the study was uncontrolled, results from a randomised withdrawal group of the study provided reassurance that the observed benefi ts were real. 67 Questions remain about the proportion and type of patients that might respond to HGNS, whether the approach aff ects long-term hard (quantitative) clinical outcomes, and whether HGNS is cost eff ective, but recent approval of this treatment for obstructive sleep apnoea by the US Food and Drug Administration will drive use of this treatment.
Recent clinical data have shown improvements in obstructive sleep apnoea with oral pressure therapy. 68 Oral suction is used to pull the tongue and soft palate anteriorly to prevent posterior displacement of these structures during sleep. More studies to establish the proportion of patients responsive to therapy, improved methods to observe benefi ts, and careful patient selection are needed. Oral devices are an important second-line option for patients who are intolerant of positive airway pressure therapy. 69 New data suggest that inexpensive nonadjustable mandibular splint devices can provide acceptable and cost-eff ective results.
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Where next?
An outdated assessment of obstructive sleep apnoea would be that obstructive sleep apnoea is a disease of obesity, the major goal of treatment is reduction in the AHI, and CPAP is the treatment of choice. In this Review, we have described how our understanding of obstructive sleep apnoea has progressed substantially in recent years as a result of improved diagnostic technologies, improved therapeutic approaches, and readily available clinical outcome data. Today, pathogenesis of obstructive sleep apnoea is recognised as multifactorial, improvement in AHI might not be the only indication for treatment and measure of success, and many alternative treatments have been proposed or developed. Future work will focus on the causes of obstructive sleep apnoea at the individual patient level and therapy will be tailored accordingly. Sites of upper airway collapse will be localised for targeted therapy using either upper airway surgery or devices. Patients with non-anatomical traits, such as arousal threshold or loop gain, will be assessed with the use of clinically available data rather than data from specialised research studies and given appropriate treatment. When the underlying causes of obstructive sleep apnoea in an individual are established, an individualised treatment plan will need to be created. To do this, pharmacotherapy for non-anatomical traits will need to move from proof-of-principle to clinical trials. Similarly, the role of novel devices will need to be better defi ned. For example, how do devices manipulate the upper airway, what is the magnitude of the eff ect, and which patients best respond to such therapies? Patient-centred outcomes will also increasingly have a role in treatment decisions. Reduction in the AHI and cardiovascular risk has been the primary goal of therapies so far. However, patients might be more concerned with the prevention of other comorbidities associated with obstructive sleep apnoea, such as diabetes or neurocognitive outcomes. Similarly, in obese patients with obstructive sleep apnoea, a comprehensive treatment plan will include focus on weight reduction.
Search strategy and selection criteria
We reviewed articles published in peer-reviewed journals from Jan 1, 2014, to Dec 31, 2014 , that related to obstructive sleep apnoea. Selection for inclusion was based on our expertise and our perception of the relevance and impact on the fi eld of sleep medicine. We included older articles to provide background information and context.
